Program on Body Mass Index: Katsuya FURUKI, et al. Department of Occupational Health, Kyoto Industrial Health Association-The objectives of the study were to clarify the effects of a health promotion program approved by the "Total Health Promotion Plan (THP)" sponsored by the Japanese Ministry of Labour on body mass index (BMI) and to identify the potential value of BMI. A group of 392 men and 115 women aged 26-55 years who had taken part in THP for four years were the subjects of this follow-up study. Longitudinal change in BMI and other medical parameters (including systolic and diastolic blood pressure, total cholesterol and HDL-cholesterol) were analyzed in the THP group in comparison with those of a control group (matched by sex, age and term of follow-up). No significant difference in medical parameters was detected between the THP group and the control group, but major findings indicate that change in BMI is closely related to change in other medical parameters and that lifestyle deterioration of overweight workers increases BMI and lifestyle improvement (especially dietary habits) reduces BMI. The present study suggests that lifestyle improvement results in a decrease in BMI followed by improvement in medical parameters. Both BMI and change in BMI appear to be comprehensive indicators of the health status of overweight workers. (J Occup Health 1999; 41: 19-26) 
The Ministry of Labour of Japan has been implementing the Total Health Promotion Plan (THP) since 1989 as one of its major projects to promote workers' health 1) . This project has a substantial budget to support an education system for occupational health staff to spread knowledge, methods and skills regarding health promotion, a utilization system for worker's health promotion service organizations and an aid system for companies to implement health promotion programs 2) . The recommended health promotion program approved by the THP consists of health check-ups, lifestyle surveys and health guidance to all workers so that individual workers can develop healthier lifestyles based on their own health measurements 2) . Such health guidance intends not only to identify risk factors but to promote healthy lifestyles. Under the THP, various types of health promotion programs have been introduced in 95.2% of larger enterprises (with 1,000 or more employees) and in 59.5% of smaller ones (with 50 to 99 employees) in Japan 3) . The introduction of comprehensive work-site health promotion programs is expected to improve medical parameters such as blood pressure, serum cholesterol and body weight and promote healthy lifestyles to reduce health risks 4, 5) . Decision makers in the companies seek persuasive information to implement health investment, especially in the current economic depression. It is more difficult for smaller companies to find incentives for implementing health promotion programs 6) . Few studies have reported evaluation of the health promotion programs approved or not approved by the THP 6) . Several cross-sectional studies have been reported on the effects of health promotion programs [7] [8] [9] , but few studies had proper control groups, and follow-up studies are scarce.
In this study we have compared the secular change in the medical parameters of a group of workers under a health promotion program with that of a matched control group. The potential value of the body mass index (BMI) was examined to see whether it should be integrated as a health indicator that represents the effectiveness of health promotion programs 10, 11) .
Subjects and Methods
Background: The company studied was an automobile parts manufacturer (with 761 male and 214 female employees) located in the northern part of Kyoto Prefecture, Japan. The workers had been offered a health promotion program such as physical exercise clubs; for example, baseball teams, walking groups, and so on. In order to implement health promotion for all workers in a systematic way and build a healthy and productive company, a new program entitled 'Act Five Years Younger' has been promulgated since 1992, and the health promotion program THP was the core of this movement.
Subjects: The subjects in the THP group were 392 men (aged 40.2 ± 8.9 yr; mean ± SD) and 115 women (41.4 ± 7.9 yr) who were 26-55 years old in 1992 and took part in THP for a 4-year period from June, 1992 to June, 1996. Table 1 shows the number of subjects in the THP group by age and sex. A worker who was classified in the high-risk group according to criteria shown in Table  2 received health guidance on each medical parameter. The control subjects (Table 1) were selected from about 200,000 workers in various companies in Kyoto Prefecture which did not implement THP. First, those who attended all the health examinations during the study period were identified, and then those who were matched with each case in the THP group by sex and age were selected so that the number of subjects in the control group was identical to that in the THP group. Those undergoing medical treatment were excluded from both groups.
Examinations: The examination was conducted in a room at the workplace. The examination items included measurement of height and weight, systolic and diastolic blood pressure (SBP and DBP; mmHg), total cholesterol (CHO; mg/100 ml) and HDL-cholesterol (HDL; mg/100 . ml), maximum oxygen uptake (VO 2 ; ml/kg/min) and questionnaires. These clinical and laboratory data for the control group were cited from files stored at the Kyoto Industrial Health Association, Japan. BMI is expressed as body weight (in kilograms) divided by the square of height (in meters) 11) . Body weight was measured with minimum clothing and no shoes; no correction was made for the weight of clothing.
The questionnaires consisted of 58 items and included 10 questions on dietary habits, 6 on exercise habits (Table  3) and 42 others on working style, alcohol consumption, smoking habits, stress levels, etc. Lifestyles were scored by responses to healthy behavior: an affirmative answer to a question was given one point and a negative one zero, and the sum made up the score.
Statistical analysis: Student's t-test was employed to examine statistical significance of difference in mean increment in 1996 values over 1992 values for the THP group and the control group. A difference was considered statistically significant when p was less than 0.05. A simple linear regression analysis was applied to detect secular change, and the difference in the slopes of paired regression lines was examined by F-test. Multiple regression analysis by step-wise procedures was conducted to identify influential factors on BMI. These Control subjects were matched by sex and age so that the sex and age distribution were identical in the THP group and the control group. 14) .
Results

Comparison of the THP group with the control group
The annual trends in BMI, blood pressures, CHO and HDL of the THP group and control group are summarized in Table 4 . It should be noted that, in the case of HDL analysis, the number of those in the control group was less than that in the THP group, because the HDL test is voluntary under current law and only some of the control subjects underwent this test. When the average of the increment between 1992 and 1996 in men in the THP group and the control group was compared, that in BMI, SBP and CHO was significantly (p<0.05) greater in the THP group (e.g., 0.56 in BMI) than in the control group (e.g., 0.25 in BMI). Significant (p<0.05) difference was detected in SBP, DBP and HDL in a similar analysis in women. When regression lines for secular trends in men were calculated for both groups, slopes of regression lines were significantly (p<0.05) different in SBP and HDL. A significant difference in slopes for HDL was detected in a similar analysis in women. There was a steady annual increase in CHO levels both in the THP group and in the control group in men, and such was also the case for women.
Comparison of overweight subgroups of the THP group with those of the control group
Overweight subgroups were organized for both groups according to those with BMI 25 at the beginning (i.e., 1992). Table 5 shows the secular trend of BMI for both subgroups. The number of subjects selected for the overweight subgroup was 54 men (14%) in the THP group and 64 men (16%) in the control group, and it was 6 and 17 women (5% and 15%) in the THP and the control groups, respectively. When the average of the increment in 1996 over 1992 in both men and women in the two groups was compared, no significant difference was detected in men. A decrease in the THP group and an increase in the control group were observed in women, but the difference between the groups was not significant. When regression lines were calculated for the 54 men in the THP group and the 64 men in the control group to compare slopes of pairs of regression lines, a significant (p<0.05) difference was detected between the THP group and the control group, and the slope for the THP group was smaller than that for the control group. In women, although the mean for the THP group was smaller than that for the control group, no significant difference was detected by the same analysis, possibly because the number of cases in the control group was only 17.
For items other than BMI, workers were also classified as high-risk groups according to the criteria in Table 2 . No significant difference between the THP and the control group was detected in slopes of regression lines in the high-risk subgroups.
Relationship between BMI and other medical parameters
Further analysis was done on the correlation of various medical parameters with BMI. Table 6 summarizes the results of analysis of correlation between BMI and 5 other medical parameters in 1992 for the 392 men and the 115 women in the THP group. It is clear from the table that SBP, DBP and CHO correlated positively, and HDL and . VO 2 negatively with BMI in men. Although the correlation coefficients were rather small (i.e., the absolute values were less than 0.4), they were all statistically significant (p<0.05). In women, the correlation with BMI was significant (p<0.05) for SBP . and CHO (both positive) and also for VO 2 (negative), whereas it was not significant (p>0.05) for DBP and HDL. Table 7 shows the correlation between the increments (i.e., the difference between 1996 and 1992 values) in BMI and those for 5 medical parameters. The increments in SBP (or ∆SBP) and ∆CHO were positively and . significantly (p<0.05) related to ∆BMI in men but ∆VO 2 was related negatively and significantly (p<0.05) related to ∆BMI in men. ∆CHO was related positively and significantly (p<0.05) to ∆BMI in women and ∆HDL and . ∆VO 2 were related negatively and significantly (p<0.05) related to∆BMI in women. The results were essentially reproduced when the subjects were classified into 10-year age groups and the THP group and the control group were compared. 
Relationship between BMI and lifestyle
Additional analysis of the overweight subgroup was conducted only in men, because only a small number of cases were available for women. It is well known that improvement in lifestyle is effective in reducing BMI 13) . The association between BMI and lifestyle was therefore examined in the THP group. Change in medical parameters and lifestyle in response to change in BMI is shown in Table 8 . Among those with a decrease in BMI, dietary habits were improved in the first year, with a . tendency to improvement in SBP, DBP and VO 2 , but this improvement with dietary habits could not be maintained for four years. In contrast, those with an increase in BMI habits, the deterioration was followed by an increase in BMI, the results being similar to those for deterioration in dietary habits. Seven men showed improvement in both dietary and exercise habits. In all these cases, BMI was reduced year by year, and became significantly (p<0.05) lower in two years when examined on a group basis.
In order to compare the degree of influence of dietary and exercise habits, multiple regression analysis was conducted assuming change in BMI as a dependent variable and change in dietary and exercise habits as two independent variables. The analysis showed that only the change in dietary habits was significant (p<0.10), with showed that the score for dietary habits tended to be reduced in 1996 compared with that in 1992, and both SBP and DBP (and possibly also CHO) were increased. It is worthy of note that the 1996 score for dietary habits for those with a BMI decrease was not lower than the 1992 score, whereas SBP and DBP were reduced and .
VO 2 was increased.
The effects of improved dietary habits on BMI are shown in Fig. 1 . Among those whose dietary habits were improved, BMI tended to stay unchanged during the first year but improved over subsequent years. BMI at the end of the study period (i.e., 1996) was significantly (p<0.05) smaller than the value at the start. In those cases whose dietary habits deteriorated, BMI significantly (p<0.05) increased during the first year of the study period and remained significantly (p<0.05) high until the end of the study. Figure 2 shows the effects of improvement in exercise habits on BMI. Improvement in exercise habits induced a reduction in BMI over a three-year period and the reduction was maintained in the fourth year. In the cases with deterioration in exercise Tables 3 and 4 . The ∆values are defined as the increment in 1996 value over the 1992 value (e.g., ∆BMI = BMI 1996 BMI 1992 ). *p<0.05. a partial correlation coefficient of 0.288 (R 2 =0.0831), but this could explain only 8% of the change in BMI.
Discussion
Comparison of the THP group with the control group showed no significant difference in BMI or other medical parameters including SBP, DBP, CHO and HDL (Table  4 ). In addition, the rate of change (the slope in annual trend analysis) in medical parameters was similar in the THP group and the control group except for SBP and HDL (Table 4) . The difference in the slope for HDL was significant in both men and women. Four factors may have contributed to make undetectable the expected difference between the THP and the control group. The control group was selected from those who participated completely in each health check-up every year, and therefore their health consciousness might be higher than otherwise. The second factor is that a four-year period may not be long enough for evaluation of the effects of a health promotion program approved by THP. The third point is that the THP group includes many workers for whom medical parameters are normal on the base line in 1992, leaving no room for further improvement. The last feature is that change within a normal range of medical parameters in the present study may not be sensitive enough to represent a change in health because these medical parameters are indicators of impaired health.
In both the THP group and the control group, the total cholesterol level increased each year. Ueshima et al. 15) reported that the total cholesterol level in Japanese men and women aged 30-69 years increased remarkably over the years 1965-90.
It was reported in many studies that BMI correlates significantly with SBP and DBP 16, 17) , CHO 18) , HDL 16, 18) ,
VO 2 17, 19) and lifestyle [19] [20] [21] [22] . The present investigation has shown that there is a significant cross-sectional association between BMI and medical parameters (i.e., SBP, DBP, . CHO, HDL and VO 2 in men, and SBP CHO, HDL and . VO 2 in women; Table 5 ). Fukuda et al. 23) found that the association between BMI and medical parameters including SBP, DBP CHO, HDL, triglycerides, AST, ALT, γ-GTP and fasting blood sugar was very strong in young adult men, but weak in middle-aged men. Their observation supports the present observation on the correlation between BMI and medical parameters in all 10-year age classifications in light of the cross-sectional study.
The most impressive finding in the present study is the significant correlation between the change in BMI . and that in SBP, CHO and VO 2 in men, and the change in . BMI and that in CHO, HDL and VO 2 in women (Table  7) . These results indicate that both BMI and change in BMI within a certain period could be used as parameters of the health status and be effective screening indices. These results emphasize the importance of longitudinal observation of BMI and other medical parameters.
Gomel et al. 24) and Taylor et al. 21) suggested that active intervention is advisable in overweight cases. The present study also demonstrated that the slope of a regression line in the THP group for those who were considered to be overweight was smaller than that in the control group (Table 5) . About 20 percent of male Japanese workers are overweight (BMI 24) and they have an increased risk of developing atherosclerosis and other age-related diseases 10, [24] [25] [26] . Previous studies provide evidence that health guidance and counseling for lifestyle changes, such as an increase in physical exercise and a decrease in calorie intake (fat-based energy in particular) are associated with a reduction in risk factors for age-related diseases 11, 24, 26) . The objective of health guidance in THP, however, is to improve lifestyle for better health. The favorable effects of health guidance on the improvement in dietary habits has been reported previously 27) . The observation summarized in Tables 5 and 7 suggests that an improvement in lifestyle may induce a reduction in BMI first, followed by improvement in medical parameters.
The findings summarized in Table 8 indicate that an increase in BMI is coupled with an increase in blood pressure and a reduction in maximum oxygen uptake, possibly as the result of the loss of good dietary and exercise habits. In contrast, a decrease in BMI is accompanied by a reduction in blood pressure and an increase in maximum oxygen uptake. Although the improvement in dietary habits did not last long after the second year, the 1996 levels of dietary scores for those with a BMI decrease were not lower than the 1992 levels. These results indicate that improvement in dietary habits and maintaining them has a favorable effect on BMI.
It seems, however, difficult for most individuals to change their lifestyle without changes in the environmental setting, and the results of efforts to change their lifestyle are often disappointing 28) . Deterioration in dietary and exercise habits had effects on increasing BMI over one year (Figs. 1 and 2) . Conversely, improvement in dietary and exercise habits caused improvement in BMI, especially during the second and third years (Fig.  1) . Analysis to identify the specifically favorable types of dietary and exercise habits is currently in progress. Because improvement in dietary habits was more influential than that in exercise habits on the reduction in BMI, healthy dietary habits should be more effective in alleviating the overweight condition than physical exercise. The results of this study suggest that BMI and change in BMI are indicators of the health status of overweight workers and the change in BMI is a good indicator of compliance with health guidance for them.
It has been reported that in small enterprises in particular, the health promotion program did not work properly because it was not practical and not easy to start and follow 6) . One of the reasons for this difficulty is that the decision makers in the companies could not find incentives for investing in health promotion programs 6) . One of the major reasons why they cannot find incentives is that the company management and their occupational health staff spoke a different language 29) , the language of business versus that of medicine, resulting in poor communication. It is important that different groups develop a common set of standards, language and objectives for the success of health promotion projects. An approach was previously proposed to establish a bridge between the general management in companies and their occupational health staff; OHQ (Observation, Hearing, and Questionnaire investigation) to identify what workers want for their health promotion in the process of needs assessment and MIO (Merit, Impact, and Outcome) to specify the objectives of a planned project in the procedure to design programs. This bridge includes creating a common language to help setting objectives and goals and reporting the results 29, 30) . In the present study, the time necessary for the evaluation of a health promotion program to cope with overweight issues was estimated to be two years. The present data, however, are not sufficient to determine the time of evaluation in the general health promotion programs approved by the THP. The assessment of dietary and exercise status in this study may not be precise enough. Questionnaires on lifestyle in future studies should be designed for more accurate assessment. Despite such shortcomings, however, the present study has produced practical information for meeting the needs of enterprises and workers, and is expected to have significant social impact.
Conclusions
A health promotion program approved by the THP often fails to produce the expected improvement in medical parameters. The present longitudinal study has shown that BMI and change in BMI in the study period are significantly correlated with medical parameters and lifestyle. Furthermore, improvement in lifestyle (especially in dietary habits) induced a reduction in BMI, followed by improvement in medical parameters for overweight workers. The change in BMI is not only an integrated parameter of the health status but also one of compliance with health guidance. BMI and change in BMI should be widely applied as comprehensive indicators of the health status of overweight workers.
